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as with larger environmental issues. Nevertheless, the heart of their critique of contemporary agriculture is fundamentally an ecological one: the rationalization of agriculture to maximize production has led to a number of related problems-an overreliance on chemical inputs, consolidated corporate farms, and decidedly limited monocultures, to name but three-that redound to the detriment of the natural environment and ultimately will prove not only unhealthy but unsustainable. 1 In calling for an ecological agriculture that relies on local sunlight to feed local communities, Pollan and his fellow locavores have highlighted the disjuncture between ecology and agronomy in contemporary thought. From the time ecology first emerged as a familiar term during the environmental revolution of the 1960s and 1970s, it has in effect served as a foil to conventional agricultural science. Scientists like Wes Jackson, probably the best-known pioneer in the field of ecological agriculture, have worked well outside the mainstream-with little support from the USDA or land-grant universities. Indeed, when Jackson and Jon Piper argued in 1989 that "the full range of benefits arising from blending ecology with agriculture is unforeseeable," it seemed novel. Certainly the editors of the journal Ecology thought so in publishing the article aptly titled "The Necessary Marriage between Ecology and Agriculture." 2 But in many ways the notion of a self-consciously ecological agriculture was not at all new. Indeed, it has roots that stretch back to the emergence of ecology as a distinctive scientific discipline. In fact, scholars might well talk about the co-evolution of ecology and agronomy over the course of the late nineteenth and early twentieth centuries, even if they have yet to do so.
Historians, of course, have not neglected the science. On the contrary, they have produced several impressively nuanced studies that examine ecology from a number of important angles. And some of these scholars have suggested that ecology and agricultural science were connected in important ways during the Progressive Era. In his study of the rise and fall of the Clementsian school of plant ecology, for instance, Ronald Tobey pointed out that Frederick Clements's training at a land-grant school necessarily shaped his research in ways that alternately integrated or responded to agriculture, which helps explain the close relationship between the Clementsian school and range management. Even so, for the most part these studies have sought to understand ecology as either a cultural phenomenon or as a theoretical rather than applied science and so have downplayed the connections between the science and agronomy. 3 Probably the two best examples in the case of the former are Donald Worster's Nature's Economy: A History of Ecological Ideas and Gregg Mitman's The State of Nature: Ecology, Community, and American Social Thought, 1900 Thought, -1950 . Worster, whose monograph was the first serious scholarly examination of ecology's past, grouped ecological ideas into "arcadian" and "imperial" impulses to explain how the science burst seemingly so suddenly onto the scene during the environmental revolution. Mitman's work was in some ways less ambitious, but he too was principally interested in ecology as a cultural phenomenon. In tracing the history of the Chicago school of animal ecology, he drew important connections between the political ideologies of the early twentieth century (especially the era's emphasis on cooperation) and the research paths undertaken by some of the nation's leading ecologists. Not surprisingly, agriculture proved tangential in both accounts. 4 More accounts of ecology's development have focused on its theoretical underpinnings. In The Background of Ecology: Concept and Theory, for instance, Robert McIntosh distanced himself from Worster, dismissing Nature's Economy as an analysis of "retrospective ecology." Seeking to correct a narrative that conflated ecology "with diverse historical concerns with the relation between humanity and the environment," McIntosh emphasized the establishment of a "self-conscious ecology" as a scientific discipline with clearly identified concepts and a firmly entrenched theoretical framework. The discipline's early connections with agriculture as the most obvious application of the science merited little more than a perfunctory dismissal. 5 Sharon Kingsland similarly privileged ecology's theoretical foundations in The Evolution of American Ecology: 1890-2000, centering her study on two privately funded centers of botanical research: the New York Botanical Garden and the Carnegie Institution's Desert Botanical Laboratory. In her view, "the New York Botanical Garden served as midwife for the emergence of ecology in the United States," not because much original ecological research was being done there during the Progressive Era (it was not), but rather because in furthering the professionalization of American botany, it legitimated the field. Thus, the "embryonic field of ecology . . . benefited from everything that the Garden undertook." For its part, the Desert Laboratory, she persuasively argued, served as an important "nucleus around which the discipline of ecology could form," a nucleus on a par with the more noted midwestern institutions like Clements's University of Nebraska and Henry Cowles's University of Chicago. The Desert Laboratory was distinctive inasmuch as it "was the only purely research organization among this group." As ecology's theoretical development was of primary significance to her, its agricultural applications were essentially immaterial. Consequently, while she acknowledged that in the early stages of the science's development "agricultural experiment stations operating in conjunction with land-grant colleges also dealt with ecological subjects," their contribution was minimal since the scientists at such places "were often overwhelmed by the need to work on practical problems." 6 There is thus little indication from the otherwise impressive literature on ecology's origins and development that the science was ever closely associated with agriculture. To be sure, the connections between the two were too numerous and obvious to be entirely overlooked. McIntosh, for instance, acknowledged the agricultural interests of a number of leading figures in the first generation of ecologists, even if he dismissed them, maintaining that "agricultural scientists and ecologists . . . did not develop strong ties"-hardly a surprising conclusion given his interest in how ecology ultimately developed. Likewise, in his history of the ecosystem concept, Joel Hagen hinted at the rift that would eventually obscure the vital connections between agronomy and ecology of the Progressive Era, when he noted that, "critics sometimes dismissed plant ecology as a glorified agricultural science." Nevertheless, the early connections between agriculture and ecology have received short shrift-an ironic turn of events since what most of the first generation of American ecologists were doing as they sought to define their field was agricultural research. 7 The connections between agricultural science and ecology were born in the discipline of botany, which in the late nineteenth century was just coming into its own. Botany, of course, was linked to agriculture if for no other reason than because farmers deal principally with plants. Consequently, land-grant colleges usually required students pursuing an agricultural education to take botany courses. In part because of the proliferation of agricultural colleges, botanists increasingly saw agriculture rather than medicine as the primary application of their science over the course of the late nineteenth century. But chiefly this shift in emphasis was due to the fact that botanists recognized that agriculture provided a convenient justification to appeal for governmental funding on practical grounds. 8 The passage of the Hatch Act in 1887-a landmark piece of legislation that funneled federal money into land-grant colleges for research conducted at agricultural experiment stations-contributed to botany's rapid development in the 1890s. Prior to its passage, the natural sciences were not especially well funded. When Harvard botanist William Farlow first considered a career in botany during the late 1860s, for instance, his mentor Asa Gray steered him to medicine since there were more opportunities in that field. For that matter, while agricultural colleges required students pursuing an agricultural education to take a course in botany, they did not furnish their botany instructors with much equipment. When Charles Bessey-a leading botanist and one of the patriarchs of ecology-began teaching at the Iowa Agricultural College (IAC) in 1871, for instance, he had one compound microscope at his disposal. The IAC was not unique; as late as the 1860s, even Harvard did not provide microscopes to botany labs for students' use. 9 The Hatch Act, then, provided much needed funding to America's botanists, the more so given American botany's importation of German laboratory methods, and the science began to flourish as a number of its branches-including phylogeny, cytology, mycology, and plant pathology-developed rapidly. By 1892 the number of American botanists had grown sufficiently large as to prompt them to separate from zoologists to form their own section of the American Association for the Advancement of Science (AAAS). The following year, they organized the Botanical Society of America.
At the same time, the science of ecology was beginning to develop as a subfield of botany. It might seem ironic that botanists voted to separate from zoologists just as ecology began to develop, but early on, botanists viewed ecology as a branch of botany, much like they did mycology or cytology. (As late as 1936 ecologist Walter P. Taylor pointed out that "according to a student of plants, ecology is perhaps very little more than a branch of botany.") Indeed, a similar movement was afoot in zoology and forestry, and consequently, a debate ensued as to "whether ecology represent[ed] a scientific field or a point of view." This debate notwithstanding, ecology's central tenet was already clear in the 1890s; organisms and their environment are interdependent. Thus, it is no coincidence that the modern English spelling of "ecology" (rather than oekologie, oecology, or similar derivations) was agreed upon at the Madison Botanical Congress in 1893-the same gathering of botanists that saw the organization of the Botanical Society of America. 10 If its central tenets were clear, ecology's scope was considerably fuzzier as the debates of the committee charged with clarifying terminology at Madison reveal. In explaining the proposal to attach the term "ecology" to the relationship between plants and their environments, Albert S. Hitchcock noted that ecology "concerns itself with the adaptive processes of the plant, and with what the Darwinian school has brought forward and made popular," though he acknowledged that "it is rather difficult to give a definition showing its limitations." When Bessey asked for a clarification, Purdue University's Joseph C. Arthur described ecology as the branch of botany that "includes a study of the general phenomena of plant development, the plant's relations to its environment, and its relations to other organisms." It fell, then, as the University of Minnesota's Conway MacMillan pointed out, "under the general head of physiology" but centered less on the plant itself than on its relationship with other "organisms and their mutual adaptations."
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However vague its scope, ecology was initially a principally descriptive science that in many cases amounted to little more than documenting the species of a given area and speculating about why the flora and fauna were arranged in the proportions they were. It was not until Clements and Roscoe Pound, influenced by the German botanist Oscar Drude, popularized the use of quadrats (square areas of varying sizes in which plants could be counted and mapped) that the science became more qualitative and rigorous. Even then, its reputation for being somewhat less than rigorous lingered for a number of years, understandably frustrating its practitioners.
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Perhaps it was inevitable given the development of ecology as a subfield of botany and botany's close relationship to agriculture that ecologists would see their discipline as a kindred field of agricultural science. But in the event, agriculturists were drawn to ecology because they saw it as inherently predictive. An understanding of the physiological makeup of a given plant (or animal or fungus, for that matter), along with the knowledge of biological communities in which such plants thrived, would enable ecologists to predict what plants might grow where, what diseases might afflict them, and what competitors (chiefly weeds) might challenge them. If ecology thus offered a veritable panoply of solutions to inherently agricultural problems, however, it also tied it to a decidedly practical field that was less interested in knowledge for its own sake than for its economic applications-a connection that would open ecologists to criticisms, warranted and otherwise. 13 The early connections between ecology and scientific agriculture are evident in a number of scientists' work, but they might best be seen in the work of the now obscure Louis Hermann Pammel, a botanist at the IAC. 14 By the early 1890s Pammel found himself among the vanguard of botanists attracted to the emerging field of ecology. He authored several papers and articles that included the term "ecology" or "ecological" in their titles, and in 1893 published a book titled Flower Ecology, making him the first person to publish a book in English with the term "ecology" in its title. The fact that the book amounted to a collection of papers he had "delivered at the meetings of the horticultural societies of [Iowa]" serves as evidence of his early interest in the nascent science. Not surprisingly, the book itself reflected the influence of a number of European botanists; indeed, Pammel traced "flower ecology" to Joseph Koelreuter and Christian Sprengel, though it was Darwin who "saw the full import of Sprengel's observations" and really sparked botanists' interest in "floristic ecology." It was Anton von Kerner, however, who most influenced Pammel's analysis as he followed Kerner's lead in focusing his energies on what he dubbed entomophilous flowers (those pollinated by insects), relegating the subject of hydrophilous and anemophilous flowers (those pollinated by water and wind, respectively) to secondary status. 15 Although Pammel saw himself as part of a larger tradition dating back at least to Darwin rather than as a trailblazer, he encountered some of the more problematic issues that would confront ecology over the next two decades. For one, while ecology considered "the external relations of plants," it clearly went well beyond botany. Pammel conceded, for instance, in his discussion of entomophilous flowers that in "order to fully understand the wonderful adaptations between insects and flowers," it was necessary to understand the physiology of both-not just of flowers. For another, Pammel found that the science's most obvious application was in agriculture. Like Darwin, he focused on cross-fertilization, pointing out that while it sometimes benefited agriculture by making crops hardier and better adapted to local environmental conditions, it also worked to agriculture's detriment by compromising the purity of varietals. But if ecology was not clearly confined to a single discipline (botany) and if its most valuable application was in agriculture, its future as a pure science-even as a subfield of botany-looked hazy. 16 Pammel, of course, did not resolve these dilemmas-in fact, he did not recognize them as such-but over the next two decades, they would prove to be among the most vexing confronting the discipline. For Pammel's part, he revised and republished Flower Ecology as a textbook, titled simply Ecology, in 1903. Like Flower Ecology, his textbook had a decidedly botanical list. "It is a well known fact," Pammel asserted, "that the plant is dependent on its surroundings. These are its life relations." The study "of these life relations," Pammel continued, "is a branch of physiological botany known as ecology"; consequently, its study "should not precede structure or elementary principles of vegetable physiology." 17 While Eugenius Warming, the Danish scientist whose work is often credited with sparking modern ecology, was not mentioned or cited in Flower Ecology, Pammel acknowledged his work in Ecology . For that matter, Pammel had keenly watched the developments in the field, referencing the work of Cowles, as well as a study done by Bessey's star students, Clements and Pound. His earlier characterizations went by the wayside as he adopted terminology put forward by Warming. Consequently, Pammel divided the "ecological factors" influencing "plant societies" into four categories-the edaphic (soil), atmospheric (heat, light, and wind), hydrodynamic (tides, waves, and currents), and biotic ("plant rivalries")-and enumerated three types of plant societies: hydrophytes (which live where water is abundant), xerophytes (which live in "droughty" places), and mesophytes (which are the most common plants, needing a moderate amount of water). The first twenty-four chapters of Pammel's textbook discuss how environmental factors like water, wind, insects, and animals aid pollination, cross-fertilization, and seed dispersal, and Pammel concluded the book by drawing out the connections between what he dubbed "plant societies" and the "ecological factors" to which they had adapted.
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Several things about the book merit particular notice. Perhaps most striking to contemporary students of ecology is his interest in what today are known as invasive species. Noting that "weeds in their migration have followed well defined lines of travel," Pammel connected the appearance of weeds with the proliferation of railroads and canals in particular areas. Significantly, however, while (with the British botanist Joseph Burtt Davy) he lamented the fact that "the world's flora is rapidly changing" and becoming "more uniform . . . under the influence of agriculture and commerce," Pammel's interest in invasive species was not purely, or even primarily, academic. Instead, he linked the phenomenon to agricultural science. Understanding the danger posed by inadvertently introduced species, he believed, was an essential component of scientific agriculture. 19 Indeed, Pammel remained consistent both with his earlier book and his contemporaries in viewing ecology as a practical science. After discussing the co-evolution of bees and flowers, for example, Pammel noted that farmers often complained that they "do not generally obtain a profitable agricultural harvest of red clover seed from the first crop of clover." This, he explained (echoing Darwin), stemmed from the fact that often "there are not enough bumble bees to pollinate the flowers" initially. Recognizing the interdependence of plants and the environments in which they live was an integral part of scientific cultivation. In fact, farmers who did not account for such relations imperiled their chances of success. Put in more contemporary terms, Pammel believed that agriculture practiced without regard for larger ecological relationships would eventually prove self-defeating. 20 Pammel was hardly alone, even at his own institution, in considering ecology a vital agricultural science-as vital as plant pathology, mycology, and bacteriology, three other areas where Pammel distinguished himself. Even discounting Bessey, whose connection with ecology did not begin until well after he had left Ames, the IAC had a number of scientists that linked ecology and agricultural science. The same Albert S. Hitchcock who introduced the proposed adoption of the term "ecology" at the Madison Botanical Congress, for instance, had come to the IAC as a chemist at the same time Pammel had arrived as a botanist. Persuaded in part by Pammel, Hitchcock transferred his focus to botany, studying under Trelease before moving to Manhattan, Kansas, as the chair of botany at the Kansas State Agricultural College and eventually onto the USDA as chief botanist. Arthur L. Bakke, a student and later colleague of Pammel's, similarly devoted a sizable portion of his early career to questions related to ecology, publishing a bulletin titled "The Effect of City Smoke on Vegetation" from the school's experiment station. Another of Pammel's students, George Washington Carver, took this principle with him to Tuskegee in the 1890s, where he initiated a campaign to improve the lives of impoverished black tenant farmers. Rejecting the notion that the progressive farmer was the one who raised the most cotton or used the most modern implements, he argued instead that the genuinely scientific farmer was the one who had learned to appreciate "the mutual relationship of the animal, mineral, and vegetable kingdoms, and how utterly impossible it is for one to exist in a highly organized state without the others." 21 Others also considered ecology a fundamental agricultural science. At the Madison Botanical Congress, Joseph C. Arthur had contended that ecology was "the phase of physiological botany in which we are especially interested as practical workers, " his point being that ecology had particular potential as an applied science. Indeed, it was the common practice to link ecology and agronomy in the first decade of the twentieth century. Ecological theory and agricultural practice dovetailed nicely. In a review of a USDA bulletin titled "The Relation of Sparrows to Agriculture," for instance, Joseph Grinnell noted that the bulletin added "much to our knowledge of the general habits and ecology of sparrows." 22 Nonetheless, comparatively few botanists were interested in ecology at the turn of the century. At the annual meeting of the AAAS's Section G, Botany in 1901, only two scholars-Pammel and Clements-presented papers with the term "ecology" in their titles. Nevertheless, numbers rapidly increased, and by 1903 Bernard Fernow exhorted his fellow foresters to follow agriculture's lead in incorporating ecology and pled with botanists to turn their eyes to forests as well as fields. "Agriculture and, still more so, silviculture, are based upon the recognition of the ecological relations of plants," Fernow began, pointing out that agriculturists could shape their environment to a considerably greater extent than foresters. But "botanists, even those devoted to ecological studies," had not paid much attention to forests since they had been focused on agricultural concerns. The fact, he continued, that "trees are plants, unique in character and differently situated, as regards ecological factors, from the low vegetation, has hardly been realized." Thus, botanists needed to furnish foresters with the "'silvicultural requirements' of species, which is and has been for a hundred years his term for ecology." The time had come, then, for "ecology . . . to direct the practice" of forestry, like it was beginning to do in agriculture.
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Three years later, a reviewer of Clements's Research Methods in Ecology concluded that the "work should do much towards establishing ecology and experimental plant evolution upon a firmer basis" by making ecology more rigorous, exact, and quantitative. Arguably more important, however, was that this development meant that the "time is also not far distant when it will be a simple matter to determine . . . what plants are best adapted to any portion of a single farm, so that agriculture may be carried on under much more precise regulations." Clements's mentor, Bessey, seemingly agreed, boasting in 1907 that the "botany boys of the University of Nebraska turn to agricultural phases of it. I delight in it, and think it is just what ought to be." Indeed, in The Principles of Agriculture, Liberty Hyde Bailey enumerated a number of natural sciences a farmer needed to understand in order to succeed. Among them was ecology. But if the relationship between ecology and agricultural science appeared fairly harmonious, tensions between the two had already begun to mount. 24 In large measure, these tensions arose as a result of the increasing independence of agricultural scientists, who had begun to conceptualize their work as a distinct scientific discipline rather than an assemblage of applied scientists from diverse fields. Chemists, zoologists, and botanists who thought of their work principally in agricultural terms gradually came to believe they had more in common with each other than with their home fields. By 1919 they would organize their own section of the AAAS, but even in the early 1910s evidence of this shift was manifest. Pammel, who despite his interest in agricultural applications of his botanical work remained a botanist first and foremost, expressed his concern over this trend, which among other things saw institutional resources shift from botanists proper to agricultural scientists. "I do not think the botanists are so much to blame," Pammel wrote to Bessey, referring to the shortage of adequately trained botanists to fill academic positions, "excepting that they have permitted the economic botanical work to be taken away from them." 25 The rising tensions, however, did not bring a swift and sudden end to the co-evolution of theoretical and applied ecology. Clements shifted his primary focus from Nebraska's grasslands to alpine ecology, establishing his Colorado alpine laboratory between Manitou and the summit of Pike's Peak and applying the systematic analytical methods he had developed on the Great Plains to the Rockies. Even so, his "field of investigation [fell] into four general divisions," the second of which was "the application of ecological methods and principles to forestry, agriculture and plant pathology." In fact, in advertising for assistants for the summer of 1913, he sought "advanced students in botany or related subjects, such as forestry and agronomy." And ecologists continued to publish landmark works linking agriculture and ecology, notably Homer L. Shantz 
's Natural Vegetation as an Indicator of the Capabilities of Land for Crop
Production in the Great Plains Area . 26 By the time Bessey addressed the botanists assembled at the annual meeting of the AAAS in December 1912, however, he was hardly alone in expressing his concern about the growing "vagueness to the boundaries of the science" that had led "some botanical teachers [to wander] far across the border into . . . the more or less practical applications of botany." His allusion was unmistakably to agriculture. Bessey conceded, of course, that botanists at agricultural experiment stations were doing good work, albeit in a disconnected, idiosyncratic way, and he upbraided those botanists who categorically denigrated the work done by agriculturists at land-grant schools: "It will not do for us to stand aloof, and decry their results as not accurate, and as agricultural instead of botanical"-the more so as "ecology has given . . . a new reason, as well as a new direction to field botany." After all, he reminded them, "No science can hope for support or recognition that does not respond to the demands of its age." Even so, he encouraged nonagricultural ecologists to strengthen the theoretical foundations of their field by establishing more field laboratories. "Instead of trying to make seaside conditions away from the sea," he contended, botanists should (and had begun to) "go to the sea." They needed to do the same for the desert, swamps, and other natural environments where the footprint of agriculture was less evident. Lest there be any confusion, he reminded them that the "work in the field laboratories must necessarily be of the kind now called ecological." In fact, he told his fellow botanists, "the botany of the future will have much more of ecology than is common today." 27 When Cowles addressed the same assembly two years later, he took up the subject of "The Economic Trend of Botany." Like Bessey, he acknowledged that agricultural research had contributed much to his chosen field, pointing out that the Journal of Agricultural Research had "taken rank with our best botanical journals" and noting that a focus on "what we are accustomed to call pure science" carried with it the faulty implication that applied science was "impure." However, it was nonetheless true that "agriculture [was] looming up everywhere as a competitor of botany." Indeed, "three fourths of our botanical investigation is along economic lines." Lamenting the fact that agriculture was replacing botany in many secondary schools' curricula, he conceded that even at a private research institution like the University of Chicago, he and his peers were feeling the effects of a cultural demand "that botany be made practical." Worse, economic botanists and agriculturists, he complained, had begun to "look with scorn upon the theoretical botanist." 28 While Cowles acknowledged that he and his fellow botanists needed to "offer more courses in the practical phases of botany . . . to keep botany alive and abreast of the time," he insisted that they continue their work as theoretical scientists as well. "It would be a world tragedy," he argued, "if theoretical botany should die, or even if it were to be less influential than it is at present." Perhaps more to the point, he maintained that the theoretical development of ecology offered practical applications of numerous sorts. He cited, as an example, his service for the US Department of Justice in applying his theory of ecological succession to demonstrate that lumber companies in Arkansas were exploiting loopholes in obscure riparian law to unlawfully harvest timber from "lakes" that were not and never had been under water. But the most obvious applications, he believed, were in agriculture. As ecologists studied natural environments, they would almost de facto determine the suitability of particular crops to a given region, sparing agriculturists "countless amounts of time and money" that they often "squandered in agricultural experiment on land whose natural vegetation, if studied, would have directed other uses." 29 Cowles's insistence that theoretical and applied botany need not be antithetical, however, was increasingly a minority opinion. In part this was because, while Bessey, Cowles, and other botanists saw agriculture as a competitor, agriculturists pressed their cultural advantage excoriating botanists and ecologists for failing to take up issues salient to agriculture. Agriculturists wanted botany in general and ecology in particular to serve principally as applied sciences. Thus, two months after Cowles's address, the USDA's C. V. Piper claimed that in "striking contrast to the chemist, botanists have shrunk from what should be the major application of their science": crop production. Piper found it "difficult to disagree with [the] proposition 'that the best scientific foundation for plant industry is a knowledge of plant physiology,'" though he felt obliged "to add that equally necessary is a knowledge of . . . ecology." But fewer and fewer physiologists or ecologists, he lamented, were interested in agricultural problems. Indeed, with "the exception of plant pathology," he complained, "it is exceedingly difficult to find graduates in botany whose training has given them either a taste or a qualification for the innumerable problems surrounding crop production." Piper's praise for chemists and focus on increasing yields spoke to the direction agricultural science was headed, of course, but it was his censure of botanists that spoke to the growing rift between ecology and agricultural science. 30 Predictably, Piper's critique of botany invited a response by those botanists who considered agricultural science something of an albatross to the field. One botanist mocked Piper, arguing that "any effort to define agronomy as a pure science or to accomplish the work of agronomy by conforming it to any given pure science must result in confusion or in begging the question of agronomy entirely." In contrast to agriculturists, "pure scientists" engaged in research "to develop and enlarge the world's knowledge, with primary regard for knowledge, not its application." Thus, treating botany, including ecology, as an agricultural science bastardized it. What botanists really needed to do was "to devote themselves to botany, not agronomy." Only by studying "plants, not as crops and as a part of an industry, but as part of a wide world's life," could botanists genuinely aid agronomy by supplementing "the practical knowledge of departments of agronomy." 31 While the field became increasingly polarized, a handful of botanists continued to search for common ground. Pammel, who enjoyed a considerable reputation in botanical circles, contended in 1914 that a "large number of botanical subjects need elucidation . . . especially crop ecology. What crops can be grown together to give the maximum returns for the money invested? It is the business of the ecologist," he insisted, "to determine these crop relations." Similarly, W. G. Waterman argued that the "methods of ecology are scientific" but that "its practical applications are found chiefly in the field of agriculture." Thus, "it is evident that ecology belongs both to botany and to agriculture, and in fact covers the debatable ground between the two subjects." For men like Waterman and Pammel, ecology offered a potential bridge between agronomy and botany. "Instead of this being . . . the cause of rivalry and even conflict," Waterman reasoned, "it should furnish a common ground for cooperation." But his hope that ecology could unite agriculturists and botanists ultimately proved hollow. 32 In large measure, this was due to the fact that the debate was carried out in an era of professionalization. Ecologists were seeking to establish their discipline's viability as a distinct science, and they recognized that hitching its future to agriculture would not stand it in good stead among botanists or any other pure scientists. Seeking to defend a discipline under attack by those who claimed it represented a "point of view" rather than a science proper and regularly criticized for a methodology derisively labeled descriptive rather than quantitative, ecologists proved intent on establishing their chosen field's soundness as a theoretical science. Thus, it was not entirely coincidental that the exchange between Piper and his critics came in the same year the efforts of a zoologist from the University of Nebraska and a botanist at the University of Chicago culminated in the organization of the Ecological Society of America.
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Even so, the separation of ecology from agronomy took time, and it was still underway when Pammel addressed his fellow botanists as chairman of Section G, Botany in December 1920. He followed in the footsteps of Bessey and Cowles in taking up the subject, "Some Economic Phases of Botany," though if anything it was even nearer his heart. Having witnessed an astonishing transformation of his chosen field over the course of his career, Pammel traced the development of botany, emphasizing its connections with agriculture and insisting that agricultural work "when botanical, should find its place under the head of botany." "What we need," he argued, enjoining his peers to focus on the common ground between agronomy and ecology, "is a crop ecologist." Indeed, to Pammel's mind, theoretical ecology offered plenty of practical applications for agriculture that did not compromise the purity of the science. Like Cowles, he suggested that studying natural systems could help determine "just what crops can be grown together or what crops are best suited" for a particular soil. And after lamenting that "millions of dollars worth of the very best soil [in the Midwest] are annually carried down the Mississippi," he pointed out that ecologists could perform "a real service by making a study of the movement of water in the soil and its relation to plant growth." For that matter, he argued, the work of ecologists could enable farmers to understand the broader consequences of draining lakes to increase farmland and perhaps persuade them to limit the land they brought into production.
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While his proposed limiting of agricultural production placed him well outside the mainstream of agronomy, Pammel believed that an understanding of the tenets of ecology opened new avenues to farmers, even as it closed others. Sowing wildflowers that were adapted both to the soil and to honeybees along weedy roadsides, for example, would permit farmers to supplement their incomes with the sale of honey. More significantly, perhaps, ecological research could help farmers control weeds. "How much do we know about the mechanical interference of weed roots and the agricultural crops?" he asked his peers. "So far as I know," he continued, pointing to an area where theoretical and practical botany might be profitably combined, "there is absolutely no data on the subject." If ecologists pursued such research, then farmers might reasonably look to theoretical botany for answers to this problem instead of turning to legislation in a largely futile attempt to regulate "injurious weeds." 35 But drawing a connection between theoretical botany and the increasingly economic emphasis of agricultural research proved an anathema to ecologists bent on securing the legitimacy of their chosen field-a legitimacy that would be called into question by emphasizing its application. And however courteously they may have listened, virtually none of Pammel's fellow botanists heeded his concluding plea to "enter more vigorously into the exploitation of fields of agronomic work, ecology and taxonomic work, as it is related to horticulture and agriculture." 36 Over the course of the 1920s, ecology and botany drifted along increasingly divergent evolutionary paths. When the inaugural issue of the journal Ecology was published in January 1920, Barrington Moore, the journal's first editor, could still reasonably maintain that, "all agricultural research, except breeding, is ecology . To garner successful harvests it is necessary to know the relation of the cultivated plant to its environment." But Moore's declaration spoke to the world from which ecology had emerged rather than the direction in which it was heading. By 1924 Trelease could claim that "botany . . . has disintegrated as a whole." Specialization in the discipline had separated agriculture from botany, and many of botany's subfields from one another; the discipline had witnessed fragmentation by specialization. To Trelease's mind, "every fundamental step in plant breeding is botany . . . whether called fighting weeds, in agronomy, or reseeding the woodlot, in forestry, every ecologically grounded procedure is botany," and, in essence, virtually every agricultural specialization ultimately rested "on botanical discovery brought about . . . by botanical investigations." Unfortunately, however, neither agronomists nor botanists thought that their work overlapped in more than a tangential manner. Botany, then, had "suffered through the segregation of its application." 37 The most powerful currents of agronomy during the early twentieth century, which favored rationalizing production along the lines of an industrial model, had little use for ecological principles. The chief concern of many who supported agricultural reform in the early twentieth century was for increased productivity to lower the rising costs of food and fiber. Since the pressing concern of agronomists was increased yield, technological and chemical solutions offered more tangible rewards than ecology-or the insights gleaned from a theoretical science of any kind. 38 Even at Iowa State College (ISC), agricultural education shifted toward training chemists and technicians rather than botanists, as the school added courses on gas engines and tractors during the 1910s.
Keeping up with the trends of agronomy dictated that they do so. And by the 1920s any suggestion that increased production was not the ultimate end of scientific agriculture invited swift criticism, as ISC's Dean of Agriculture Charles F. Curtiss discovered when, in the late 1920s as farm revenues were falling, he criticized the push for mechanization.
Complaining that the use of tractors "tends to impoverish the soil," leads to overproduction, and "displaces an important outlet for farm grains [in contrast to horses and mules, tractors do not eat corn]," Curtiss presciently concluded that farmers who mechanized their production would end up paying "more for gasoline and [taking] less for corn." 39 His implication that the depressed agricultural market of the 1920s was due in part to mechanization, however, was met with categorical denunciation by the American Society of Agricultural Engineers, which responded with a three-page indictment of Curtiss's position, claiming that Curtiss was making a "most specious and fallacious kind of argument" and maintaining that "Curtiss's statement, 'Horse power is, in the last analysis, the economical power on the farm' is absolutely contrary to the facts." Tellingly, Curtiss's critics argued that the "more workers any nation can have making labor-saving equipment and the fewer workers using such equipment, the better for the nation and the individual citizen." As agronomy increasingly turned toward technological fixes, however, ecologists had less to offer them and less interest in doing so. 40 Thus, over the course of the 1930s, when the work of scholars like Arthur Tansley, Clements, and Victor Shelford ushered theoretical ecology into its own, and men like Paul Sears, Walter Taylor, and Aldo Leopold found in ecology the undergirding philosophy of what would develop into the modern environmental movement, "applied ecology" came to mean conservation rather than agriculture. Of course, ecologists had long been concerned with questions of conservation. Pammel's worry at the proliferation of invasive species, not only in the United States but elsewhere in the world, offers evidence to that end. And by the second decade of the twentieth century, he had become arguably the leading voice of Iowa's conservation movement: corresponding with William T. Hornaday about matters of conservation, lamenting the fact that "many most interesting places have been destroyed because we as a people lacked interest in the things out of doors," and fighting to keep bridges and dams out of state parks. 41 Pammel was hardly alone. In 1919 the Ecological Society of America (ESA) endorsed the Save-the-Redwoods League. Two years later Pammel introduced resolutions, unanimously approved by the ESA, recommending that the introduction of non-native plants and animals into America's National Parks be forbidden. In the ensuing years, the connection between conservation and ecology steadily increased. In his 1937 article "What is Ecology and What Good is It?" Taylor noted the connection between the two: "The argument for conservation is immensely stronger if it be remembered that when a normally abundant species becomes scarce or extinct many other forms are somewhat influenced . . . but still more serious, the entire biotic community is affected, and sometimes the inorganic environment as well." But it was Sears, two decades later, who most succinctly summed up this shift in the meaning of applied ecology when he asserted: "Conservation is an application of ecology in the same sense that engineering represents applied physical and mathematical science." 42 By the time Sears penned those words, ecology's early connection to agricultural science had been so completely forgotten that scientists could speak of the "relatively new science of agricultural ecology" in referencing a renewed interest by some in the field. For that matter, critics of American agriculture, like Louis Bromfield and Ralph Borsodi, were justified on at least some grounds in accusing the USDA and land-grant colleges "of teaching the rape of the earth and the destruction of our priceless heritage of land, of impoverishing our rural communities . . . destroying our rural culture, and depopulating the countryside," by emphasizing industrial-style agriculture in the name of increased production. To borrow a biological metaphor, it would be reasonable to speak of the speciation of ecology and agricultural science, which despite a shared past in late nineteenth-century botany had remarkably little in common by the mid-twentieth century. 43 The early connections between ecology and agronomy, however, serve as a reminder that Progressive-Era agriculture had some significant "green" impulses. In men like Liberty Hyde Bailey, historian Steven Stoll saw a continuation of the "high-minded husbandry" characteristic of nineteenth-century agriculturists. Of course, a number of vestiges of highminded husbandry did linger into the twentieth century, but Bailey saw himself not as a throwback agriculturist, but as a forward-looking scientist. And he certainly was not alone in believing that scientific agriculture, of the sort embraced by botanists and ecologists rather than chemists and engineers, offered farmers the prospect of practicing agriculture in a way that redounded to their benefit without being "mostly destructive," as he believed it had been. When in The Holy Earth he asserted that a "good part of agriculture is to learn how to adapt one's work to nature, to fit the crop scheme to the climate and to the soil," Bailey was in agreement with ecologists like Cowles, Bessey, and Pammel. Indeed, the co-evolution of ecology and agronomy suggests that the agrarian wing of the Progressive conservation movement merits more than a perfunctory nod to Bailey and the Country Life Movement. 44 In the struggle for ascendancy within the community of agriculturists proper, however, the agrarian wing of the field, in which ecological ideas were emphasized, was seriously handicapped. Its advocates found that the most effective line of reasoning to pursue in presenting their ideas of what scientific agriculture ought to look like was to portray them as a practical means of agricultural improvement. By emphasizing the practicality of ecology, they conceded the preeminence of practical ends and, in doing so, undermined their position. For in agriculture, practicality has generally been measured by two criteria: yield and profit. Sustainability has not, historically, been embraced as a measure of practicality. As a result, the agrarian wing lost the struggle, and scientific agriculturists came to favor increased production at virtually any ecological cost.
By the 1960s and 1970s the agrarian wing of the conservation movement had all but been forgotten, and critics of scientific agriculture like Rachel Carson and Wendell Berry could hold up ecology as a foil to agricultural science and the notion of biological interdependence as an indictment of scientific agriculture. Consequently, a sentiment arose that has pitted scientific agriculture against ecological ideas-a sentiment that has obscured the early connections between the two so completely that even historians have overlooked them. In A Green and Permanent Land: Ecology and Agriculture in the Twentieth Century, for instance, Randal Beeman and James Pritchard placed "the first stages of ecological agriculture" in the New Deal era, with the work of Hugh Hammond Bennett, Sears, and Rex Tugwell. Indeed, they argued that the notion of biological interdependence was "new" in the 1930s and "represented a shift away from old values of the Teddy Roosevelt-Gifford Pinchot conservation era."
Ecologists and agriculturists were not always at odds. The fact that in the end Progressive agronomy came to favor technological solutions designed to increase production makes it easy to overlook the equally scientific but less industrially minded solutions posed by agriculturists of the era. And it is worth remembering that agricultural science has never developed outside of the context of theoretical science. Given their shared roots in botany, it should not come as a surprise that ecology was part and parcel of agricultural science until ecologists, eager to vindicate their chosen field as a viable and vital science, made their way to alpine meadows, coastal swamps, and otherwise ostensibly natural systems. That retreat, together with the cultural demand for increased production and the embrace of technological solutions by agronomists, left little room for ecology in agricultural science and, in obscuring those vital early connections, has left many today wondering if agriculture and ecology can so much as coexist.
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